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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to systems for separating flowing substances, 
including fluids and solids, by means of centrifugal separation, and more particularly to 
25 a voraxial filter system adapted with a self-cleaning filter apparatus for providing 
auxiliary upstream and/or downstream filtration and separation of substances. 

2. Description of the Background Art 

Cyclone or centrifugal separators have been used in many applications to 
30 separate one fluid form another on the basis of specific gravity, whether or not those 
substances are of the same or different physical states and particularly for the 
separation of light liquids from heavy liquids and gases from liquids. In addition, 
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centrifugal separators have been adapted to separate solids of varying densities and/or 
solids from fluids. 

An inventor of the present invention has contributed to advancements in the art 
of centrifugal separation of miscible and immiscible media, as disclosed in U.S. Patent 
5 No. 5,904,840, issued to DiBella on May 18, 1999, which disclosure is incorporated 
herein as part of this disclosure by reference. An inventor of the present invention has 
also contributed to determining the identity and concentration of substances in a multi- 
component medium by measuring the spectral response of fluid media as disclosed in 
U.S. Patent No. 5,489,980, issued to Anthony on August 3, 1991, which disclosure is 

10 incorporated herein as part of this disclosure by reference. As disclosed in the '840 
patent, the combined teachings provide a voraxial separation system that includes 
pump means delivering a continuously flowing column of the media from a media 
source, a separation tube through which a column of the flowing media is continuously 
passed, means for spinning the column about the axis of the tube at sufficient speed 

15 that centrifugal force within the column causes the component media to separate into 
radial layers, extraction conduit means for selectively extracting one or more of the 
radial layers from the tube, bleeder means for introducing a fluid such as air into the 
tube to alter the diameter of the radial layers, and a probe and spectrophotometer which 
provides monitoring and automatic feed back means for measuring the component 

20 medium content as the media enters and exits the separation tube and for adjusting the 
rotational speed of the media and the rate of fluid introduction from the bleeder means. 
An alternative to the bleeder means is provided in the form of a mechanism for altering 
the diameter of the extraction conduit means. 
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With virtually any type of centrifugal separation apparatus, however, a potential 
exists for relatively small quantities of substances to remain entrained in the flow and 
pass through the separation apparatus. As a result, attempts have been made to 
improve the separation efficiency of such systems by addition of additional stages of 
5 centrifugal separation and/or by the addition of non-centrifugal filtration means. These 
attempts, however, have met with limited success. It has been found that certain 
substances are not adequately separated by additional stages of centrifugal separation 
devices. It has also been found that downstream filters are susceptible to clogging, 
thereby requiring time consuming maintenance and cleaning. 

10 It is thus an object of the present invention to provide a flowable media voraxial 

separation system which separates one or more fluids and/or solids of different specific 
gravities and/or densities by centrifugal separation means wherein separation efficiency 
is increased by use of a self-cleaning filter system specifically adapted for capturing one 
or more substances and releasing captured substances in response to filter loading. 

15 It is another object of the present invention to provide such a voraxial system 

wherein the non-centrifugal filter is adapted so as to be self-cleaning. 

Still another object of the present invention is to provide such a voraxial system 
wherein filter-cleaning cycles are periodically or continuously controlled in response to 
filter loading. 

20 Yet another object of the present invention is to provide a self-cleaning tubular 

filter having a radially inner rotating spray tube that functions to clean the tubular filter by 
selective application of a pressurized fluid. 
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Still another object of the present invention is to provide a self-cleaning tubular 
filter having a radially inner rotating spray tube which functions to clean the tubular filter 
by selective application of a pressurized fluid wherein the pressurized fluid may 
comprise a pressurized gas or a pressurized liquid. 
5 Yet another object of the present invention is to provide a self cleaning tubular 

filter having a radially inner rotating spray tube which functions to clean the tubular filter 
wherein the spray tube rotates at sufficient revolutions per minute so as to create a 
vortex within the tubular filter to effect finer separation of substances. 

Still further objects and advantages will become apparent from a consideration of 
10 the ensuing description and drawings. 



BRIEF SUMMARY OF THE INVENTION 

The present invention accomplishes the objectives set forth above, as well as 
others, as may be determined by a fair reading and interpretation of the entire 

1 5 specification by one of ordinary skill in the art. 

A voraxial separation system is disclosed having: (1) a pump means delivering a 
continuously flowing column of the media from a media source; (2) a separation tube 
through which a column of the flowing media is continuously passed such that the 
column is caused to spin about the axis of the tube at sufficient speed that centrifugal 

20 force within the column causes the component media to separate into radial layers; (3) 
extraction conduit means for selectively extracting one or more of the radial layers from 
the tube; (4) an optional bleeder means for introducing a fluid such as air into the tube 
to alter the diameter of the radial layers; (5) a probe and spectrophotometer which 
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provides monitoring and automatic feed back means for measuring the component 
medium content as the media enters and exits the separation tube and for adjusting the 
rotational speed of the media and the rate of fluid introduction from the bleeder means; 
and (6) an auxiliary filtration apparatus having a generally cylindrical filter and a 
5 rotational inner spray tube connected to a source of pressurized fluid and an electronic 
control system for controlling the rate of rotation of the inner spray tube in response to 
the filter loading rate. 

The auxiliary filtration apparatus includes a conduit having a primary flowable 
media input, a generally hollow cylindrical filter defining an apertured filtering surface 

10 disposed within the conduit wherein the exterior of the cylindrical filter comprises an 
upstream filter inlet and the interior of the cylindrical filter comprises a downstream filter 
outlet, and a primary flowable media outlet in fluid communication with the filter interior. 
An elongate spray tube is disposed within the tubular filter substantially adjacent to the 
radially inner surface of the filter. The spray tube is fluidly connected to a pressurized 

15 fluid source and defines a plurality of spray outlets disposed in a direction radially 
outward so as to direct pressurized fluid onto the cylindrical filter from the filter interior 
thereof to clean the filter of accumulated substances. The spray tube is configured with 
a rotational drive system for automatic and selective powered concentric rotation about 
the inner circumferential wall of the filter. The filter apparatus further preferably includes 

20 a spectrophotometer assembly that monitors the accumulation of substances on the 
filter and adjusts rotation speed of the spray tube in response to filter loading. 

The auxiliary filtration system disclosed herein is preferably used in conjunction 
with a primary voraxial separation system, in upstream, intermediate, and/or 



downstream configurations to provide more efficient separation of flowable composite 
media. As should be apparent, however, the auxiliary filtration system may be used as 
a primary self-cleaning filtering system for a wide variety of applications. 



5 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Various other objects, advantages, and features of the invention will become 
apparent to those skilled in the art form the following discussion taken in conjunction 
with the following drawings, in which: 

FIG. 1 is a perspective view of a voraxial separator having an auxilary self- 
10 cleaning filter (without rotational drive) connected downstream according to a preferred 
embodiment of the present invention; 

FIG. 2 is a perspective view of the self-cleaning filter; 

FIG. 3 is a side view of the voraxial separator and self-cleaning filter depicted in 

FIG. 1; 

15 FIG. 4 is a partial sectional view thereof detailing the auxiliary filter; 

FIG. 5 a perspective view of a voraxial separator having a self-cleaning filter (with 
rotational drive) connected downstream according to a preferred embodiment of the 
present invention; 

FIG. 6 is a perspective view of the cylindrical filter for use with an auxiliary filter 
20 according to the present invention; 

FIG. 7 is a perspective view of an alternate configuration of a voraxial separator 
having an auxiliary self-cleaning filter connected downstream; 
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FIG. 8 is a perspective view of a self-cleaning filter according to the present 
invention; 

FIG. 9 illustrates a spectrophotometer assembly that monitors the accumulation 
of substances on the filter and adjusts rotation speed of the spray tube in response to 
5 filter loading; 

FIG. 10 illustrates an auxiliary filter configured as a second stage filtration unit in 
a system having three vorxial filters; 

FIG. 1 1 illustrates inlet and outlet flow paths for an auxiliary filter according to the 
present invention; 
1 0 FIG. 1 2 is a sectional view thereof; 

FIG. 13 is a detailed sectional view thereof; 

FIG. 14 is a perspective view in partial section illustrating inlet and outlet flow 

paths; 

FIG. 15 is a block diagram illustrating fluid flow; 
15 FIG. 16 is a schematic and block diagram illustrating fluid flow and control; and 

FIG. 17 is a control schematic. 



DETAILED DESCRIPTION OF THE INVENTION 

With reference now to the drawings, FIGS. 1-17 depict a voraxial filter system 
20 adapted with a self-cleaning auxiliary filter, which system is adapted to separate one 
fluid form another on the basis of specific gravity, whether or not those substances are 
of the same or different physical states and particularly for the separation of light liquids 
from heavy liquids and gases from liquids. In addition, the voraxial separation system 



adapted with an auxiliary self-cleaning filter of the present invention is suitable for use in 
separating solids of varying densities and/or solids from fluids. 

VORAXIAL SEPARATOR 
FIGS. 1 - 5 depict a voraxial separation system and auxiliary filter according to a 
5 preferred embodiment of the present invention, generally referenced as 10. System 10 
includes a voraxial separator 12 having an inlet 14 in fluid communication with a 
pressurized source of flowable media. Voraxial separator 12 comprises a device that 
relies on centrifugal forces to separate a flowable media into its components. An 
example of such a device is disclosed in U.S. Patent No. 5,904,840, issued to DiBella, 
10 which disclosure is incorporated herein by reference. Voraxial separator 12 includes an 
extraction outlet 16 for selectively extracting one or more radial layers formed by 
centrifugal force as the flowable media is caused to spin by internal vanes in separator 
12. Voraxial separator 12 further includes an outlet 18. Voraxial separator 12 may 
further include a bleeder means for introducing a fluid such as air into the tube to alter 
15 the diameter of the radial layers, and a probe and spectrophotometer which provides 
monitoring and automatic feed back means for measuring the component medium 
content as the media enters and exits the separation tube and for adjusting the 
rotational speed of the media and the rate of fluid introduction from the bleeder means. 

AUXILIARY FILTER 

20 A significant aspect of the present invention involves use of an auxiliary filter, 

generally referenced as 20, to increase the efficiency of voraxial separator 12. More 
particularly, the present invention contemplates use of a self-cleaning filter apparatus 20 
having an outer cylindrical housing 21 including an inlet 22, and first and second outlets, 
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referenced as 24 and 26 respectively. Inlet 22 is in fluid communication with the outlet 
18 of voraxial separator 12 by a conduit 19 as best depicted in FIG. 1 . First outlet 24 is 
configured downstream of an internal filter contained within apparatus 20, and hence 
may be referred to as a filtered outlet. Second outlet 26 is configured to accept flow that 
5 bypasses the internal filter contained within apparatus 20, and hence may be referred to 
as a bypass outlet. 

FIG. 4 depicts a sectional view of filter apparatus 20 and more clearly depicts 
housing 21 , inlet 22, filtered outlet 24, and bypass outlet 26. As illustrated therein, a 
pressurized flowable media enters filter apparatus 20 via inlet 22. Filter apparatus 20 

10 includes an internal cylindrical filter 30 having a wall defining a plurality of apertures. 
FIG. 6 provides a detail view of cylindrical filter 30, which generally comprises a 
cylindrical body having a sidewall defining a plurality of apertures for allowing 
substances having dimensions smaller than said apertures to pass therethrough. In an 
alternate embodiment, cylindrical filter 30 may comprise a mesh filter, or any other 

1 5 suitable filter structure. Referring back to FIG. 4, the flowable media that enters inlet 22, 
or portions thereof, passes through the apertures in cylindrical filter 30 and exits filter 
apparatus 20 via filtered outlet 24, which is in fluid communication with the interior of 
cylindrical filter 30 via an elbow conduit 32. Bypass outlet 26 is provided to selective 
discharge of material captured by filter cylindrical filter 30 as described more fully 

20 herein. 

As noted herein, filter apparatus 20 is self-cleaning. Turning now to FIGS. 12 
and 13, filter apparatus 20 is depicted in sectional views wherein the self-cleaning 
features are best illustrated. FIG. 12 depicts a sectional view of filter housing 21 clearly 



revealing cylindrical filter 30 axially disposed within filter housing 21 such that the 
interior of cylindrical filter 30, the filtered downstream side, is in fluid communication with 
outlet 24 via conduit 32. FIG. 13 depicts a sectional view of filter housing 21 clearly 
revealing a sectional view of cylindrical filter 30 so as to reveal an interior spray tube, 
5 referenced as 40, which functions to automatically and periodically clean filter 30. 
Spray tube 40 comprises an elongate tubular structure having a plurality of spray 
apertures oriented so as to direct a spray of pressurized fluid radially outward onto filter 
30 from the interior thereof. To accomplish this, spray tube 40 is in fluid communication 
with a source of pressurized fluid, such as water, air, or any other suitable fluid, via a 

10 pressurized fluid inlet 42. As best depicted in FIG. 4, the pressure of fluid entering inlet 
42 is preferably greater than the pressure of the flowable media entering inlet 22. In 
addition, spray tube 40 is connected to a rotational drive system, referenced as 44, 
which functions to selectively rotate spray tube 40 so as to direct a spray of pressurized 
fluid radially outward onto the interior surface of cylindrical filter 30 so as to dislodge 

15 substances collecting on filter 30. Rotational drive system 44 may comprise an 
electrically powered motor, such as a stepper motor, or any other suitable electric, 
pneumatic, or hydraulic motor and/or other power source. As should be apparent, 
directing a spray of pressurized fluid onto cylindrical filter 30 from the interior thereof 
causes dislodged substances to become entrained in media flow exiting filter apparatus 

20 outlet 26, which dislodged substances and media flow may be either disposed of or run 
through an additional filtration stage. Conversely, portions of the flowable media that 
flow through filter 30, i.e. filtered flow, is allowed to exit filter apparatus 20 via filtered 
outlet 24. 



Filter apparatus 20, and rotational drive 44, further preferably include sensing 
apparatus and feedback control circuitry for sensing particle and/or substance 
concentration rate on filter 30. FIG. 9 illustrates a sensing and control apparatus, 
generally referenced as 50, electrically connected to filter apparatus 20 and rotational 
5 drive 44 for sensing particle and/or substance concentration rate on filter 30 and 
controlling rotational drive 44 in response thereto. A suitable system for determining 
concentration of substances on filter 30 may rely on measuring the spectral response of 
the fluid media as disclosed in U.S. Patent No. 5,489,980, issued to Anthony on August 
3, 1991, which disclosure is incorporated herein as part of this disclosure by reference. 

10 In alternate embodiments, systems that rely on pressure drop across filter 30, flow rates 
through the filter, or any other suitable system for determining the rate at which filter 30 
is loaded may prove suitable for sensing substance concentration and controlling 
rotational drive 44. FIG. 10 illustrates an auxiliary filter 20 configured as a second stage 
filtration unit in a system having three vorxial filters. 

15 In a preferred embodiment, depicted in FIG. 9, sensing and control apparatus 50 

includes a probe 52 installed in conduit 21 of filter apparatus 20 in a configuration 
wherein probe 52 is positioned to send/receive photo-scanning signals to/from filter 30. 
Probe 52 is electrically connected to sensing and control apparatus 50 by low voltage 
electrical conductors 54. In addition, control apparatus 50 includes a 

20 spectrophotometer for monitoring data received from probe 52 and measuring the 
component medium content accumulated on filter 30. Control apparatus 50 is further 
adapted for activating rotational drive 44 and includes a control valve for controlling the 
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introduction of pressurized fluid to inlet 42 in response data obtained by probe 52 
regarding substance concentration on filter 30 within filter apparatus 20. 

It has been found that rotation of spay tube 40 at relatively high revolutions per 
minute causes rotation of the fluid within filter 30 thereby generating a voraxial 
5 centrifugal effect on the cleaned fluid within cylindrical filter 30. The combined effect of 
a pressurized fluid spray being discharged from spray tube 40 and high speed rotation 
of spray tube 40 further results in active agitation of the walls of the filter with the 
pressurized spray blowing fluid and substances radially away from the filter wall while 
voraxial action generates an area of low pressure within cylindrical filter 30 thereby 

1 0 drawing fluid entering filter inlet 22 toward filter 30. 

FIG. 15 is a block diagram illustrating an application wherein water and impurities 
enter filter 20 via inlet 22, and pressurized fluid (i.e. pressurized air) creates a vortex 
within cylindrical filter 30 such that filtered water and air are removed from outlet 24, 
while contaminated water and some air are removed from outlet 26. FIG. 16 is a block 

15 diagram and control schematic wherein sensing and voraxial control apparatus 50 
controls the introduction of pressurized air for the filter cleaning process via a control 
valve. 

The auxiliary filtration system disclosed herein is preferably used in conjunction 
with a primary voraxial separation system, in upstream, intermediate, or downstream 
20 configurations to provide more efficient separation of flowable composite media. As 
should be apparent, however, the auxiliary filtration system may be used as a primary 
self-cleaning filtering system for a wide variety of applications. 



The instant invention has been shown and described herein in what is 
considered to be the most practical and preferred embodiment. It is recognized, 
however, that departures may be made therefrom within the scope of the invention and 
that obvious structural and/or functional modifications will occur to a person skilled in 
5 the art. 
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